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Abstract of JP 11253775 (A) 

PROBLEM TO BE SOLVED: To miniaturize a mixer 

by a method in which liquid introduced from a 

plurality of inlets is introduced into the first mixing 

chamber, mixed with rotational force given, 

discharged from one central hole, introduced into 

the second mixing chamber, mixed, divided into a •>:•; 

plurality of flows, introduced into the third mixing ~\ :s.u v> £% % P 

chamber, and mixed with rotational force given. ,..^..,, y ..,. ; .,. v y ; f i j >^ ,„,,■■/, y < 

SOLUTION: A liquid flow introduced from liquid < ' \ ; ■. 

inlets 10a-10c flows into the three holes with arc- j > , 

shaped cross sections of a disk 1 1 to enter the first t / / ' /'"/i'^'H •" . : ~ M . ' - 

mixing chamber. Since each hole is connected with ( „, 

the first mixing chamber in the tangential direction, a - " ' \ 

rotational angular velocity is given automatically to . _ - ' ' " ; < v 

the liquid flow. The mixed liquid flows into the hole of 

a disk 12 to be introduced into the second mixing if ^ | j 

chamber of a disk 13. The liquid mixed in the 

second mixing chamber enters the three holes with % ^ 

arc-shaped cross sections of the disk 1 3 to bed i 
divided. Next, the liquid flows flow into the hole of a 
disk 14 and enter the three holes of the disk 11 to be 3* 
mixed again in the first mixing chamber. Finally, the 

liquid is discharged outside through the first mixing V" / /-/'"/J, t ";-"T* - r : V'\ \ \ HV 
chamber and a liquid outlet 16a. — ■ '' ^ :/ 
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[57] ABSTRACT 

An apparatus to mix various liquids in fluid streams includes 
an outer casing with a plurality of fluid inlets and a fluid 
outlet, and a plurality of discs bearing a plurality of different 
holes or groove arrangements stacked one upon another 
between the fluid inlets and outlet to induce a rotational 
angular velocity to the fluid streams. 

6 Claims, 2 Drawing Sheets 
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FIG..3 FIG. S 



STATIONARY IN-LINE MIXER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates generally to a mixing apparatus, 
and more particularly to a stationary in-line mixer used to 
mix various liquids in fluid streams. 

2. Description of the Prior Art 

In a high performance liquid chromatography high pres- 
sure gradient system where mixing of various liquids in 
which varying flow rate ratios are required, there can be a 
considerable change in the viscosity of the liquids when the 
mixing ratio of the fluids varies. A change in the viscosity of 
the fluids will induce changes in the pressure drop associated 
with the column. 

Changes in tlie compression rale inside a mixer located at 
the pump outlet in the high pressure gradient system will 
cause changes in the flow rate of the liquids al the mixer 
outlet, which in [urn w ill contribute to deterioration of tile 
analytical accuracy. This is of critical importance in micro 
flow HPLC systems where the ratio between the internal 
mixer volume and pump flow rate tends to be large. In 
addition, when the internal mixer volume is large in a 
reaction chromatograph system where the mixer is located at 
the column outlet, sample band width will get larger, detec- 
tion sensitivity will be lowered, and/or sample bands will 
overlap one another, resulting in poor analysis. 

The present invention relates to a stationary on-line mixer, 
extremely small in its internal volume, and capable of 
mixing various liquids in fluid streams, thereby providing a 
solution to the above-mentioned problems. 

SUMMARY OF THE INVENTION 

The stationary on-line mixer of this invention provides an 
apparatus to mix various liquids in fluid streams. The 
inventive mixer, by having the liquids flow through a 
plurality of hole-bearing discs, having different configura- 
tions of openings at different locations, and stacked one 
upon another and housed in the mixer, mixes and divides 
fluid streams alternatively until the fluids are thoroughly 
mixed in a minimum of time, as is frequently required with 
analytical, reaction, testing, and other systems. 

The inventive mixer apparatus includes an outer tubular 
casing with a plurality of fluid inlets and a fluid outlet axially 
spaced from the fluid inlets in the easing, a plurality ol'dises 
bearing a plurality of different holes or groove arrangements 
and which are stacked one upon another and housed face to 
face, aligned along a longitudinal axis between the fluid 
inlets and outlet, and a nut. The holes in the discs differ in 
their configurations and locations of openings, to induce a 
rotational angular velocity to the fluid streams. A mechanism 
is incorporated to prevent the discs from angular displace- 
ments relative to one another. The mixer mixes and divides 
fluid streams alternatively, as the\ pass through the discs. 

To cope with the demand for extremely small mixer 
volume, the discs can be made of extremely thin materials 
and the mixer itself can be very small. The mixer is of 
extremely simple construction, easy to manufacture and 
simple to service. The discs can be manufactured by a 
variety of methods, including, but not limited to, stamping, 
machine-tooling, or photo-chemical processing. The mixer 
is easy to clean and can be manually disassembled and 
reassembled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an axial sectional view of the stationary online 
mixer of this invention, illustrating a mixer body, a stack of 
hole-bearing discs, a packing, an outlet joint, and a nut; 



FIG. 2 shows the disc which is arranged as the first, fifth, 
and ninth discs in the stack (from the left as shown in FIG. 

i); 

FIG. 3 shows the disc which is arranged as the second and 
5 sixth discs in the stack (from the left as shown in FIG. 1); 
FIG. 4 shows the disc which is arranged as the third and 
seventh discs in the stack (from the left as shown in FIG. 1); 
and 

FIG. 5 shows the disc which is arranged as the fourth and 
10 eighth discs in the stack (from the left as shown in FIG. 1). 



15 FIG. 1 exemplifies the mixer of this invention in an axial 
sectional view, illustrating the mixer body 10 having a 
plurality of mixer inlets 10a, 10b and 10c (not visible in this 
view), the plurality of hole-bearing discs 11, 12, 13, and 14, 
stacked in the sequential order 11-12-13-14-11-12-13-14-11, 

20 the packing 15, the outlet joint 16 with mixer outlet 16a, and 
the nut 17. FIG. 2 shows the disc 11 of FIG. 1, which is 
arranged as the first, fifth, and ninth discs in the stack from 
the left (i.e., from the inlet) as shown in FIG. 1. FIG. 3 shows 
the disc 12 of FIG. 1, which is arranged as the second and 

25 sixth discs in the stack from the left as shown in FIG. 1. FIG. 
4 shows the disc 13 of FIG. 1, which may simply be identical 
to disc 11 (FIG. 2) but in an inverted (reversed) orientation, 
and arranged as the third and seventh discs in the slack from 
the left as shown in FIG. 1. FIG. 5 shows the disc 14 of FIG. 

30 1, which is arranged as the fourth and eighth discs in the 
stack from the left as shown in FIG. 1. 

Referring collectively to the drawing figures, the liquids 
in (e.g., three different) fluid streams entering the mixer 
inlets 10a, 10f>, and 10c will enter radially converging 

35 arcuate grooves 11a, lib, and 11c of disc 11, which is 
arranged as the first disc from the left in I K i. 1, and through 
those grooves enter the central mixing chamber lid. Each 
groove leads to the mixing chamber lid in a tangential 
direction, so that the liquids in the fluid streams are auto- 

40 malically given the rotational angular velocity for being 
mixed. The liquids mixed in the mixing chamber lid will 
How through the hole 12n of the disc 12 in FIG. 3 (arranged 
as the second disc from the left in FIG. 1) to enter the mixing 
chamber 13d of disc 13 (FIG. 4), 5 arranged as the third disc 

45 from the left in FIG. 1. The liquids mixed in the mixing 
chamber 13d will flow in the divided fluid streams to enter 
the radially diverging arcuate grooves 13a, 13£>, and 13c of 
disc 13 (FIG. 4), which then flow through the holes 14a, 14b, 
and 14c (which arc adjacent the terminus of the grooves 13a, 

5n 13b and 13c) of the disc 14 of FIG. 5 (arranged as the fourth 
disc in the stack from the left in FIG. 1) to enter the holes 
lb/, 11/), and 11c of another disc 11 of FIG. 2 (arranged as 
the fifth disc in the stack from the left in FIG. 1), and thence 
to discs 12, 13, 14 and 11 as described above. The liquids in 

ss the fluid streams will be alternately mixed and divided 
during which process the streams will be given the rotational 
angular velocity for mixing, and will ultimately flow out of 
mixing chamber lid (disc 11, FIG. 2) and out the mixer 
outlet 16a (FIG. 1). 

60 To prevent the discs from angular displacements relative 
to one another, disc alignment bores lie, I2e, 13c and 14e 
are provided. 

The explanations above given are for mixing three dif- 
ferent liquids in the fluid streams as an example. Need less n > 
65 say, this invention relates to any stationary in-line mixer for 
any plurality of liquids in fluid streams, and the number of 
discs can be increased or reduced depending upon the 



mixing accuracy and flow rates required. For example, the 
mixer may include only one sequence of discs, i.e., discs 
11/12/13/14/11, then flowing out to the mixer outlet, or three 
or more sequences of discs. 

The mixer is rather simple in its principle, but well- 
engineered, requiring a minimum of liquid channel volumes, 
which in turn contributes to the small dimensions of the 
mixer. At least some of the discs (e.g., discs 11 and 13 in 
FIGS. 2 and 4) are provided with grooves which lead to or 
from the mixing chamber in a tangential direction, thus 
giving the liquids in fluid streams the rotational angular 
velocity for spontaneous mixing. A further benefit of the 
invention is that the discs can be extremely small so that 
inexpensive photo-chemical processing can be used for their 
manufacture (provided that the disc material is metallic) 
rather than expensive machining of the complicated 
configurations, or stamping where expensive tooling is 
called for. Alternatively, non-metallic materials such as 
resins, ceramics, and others can be used for the discs. 

While this invention has been described in connection 2 
with preferred embodiments thereof, it is obvious that modi- 
fications and changes therein may be made by those skilled 
in the art to which it pertains without departing from the 
spirit and scope of the invention. Accordingly, the scope of 
this invention is to be limited only by the appended claims 2 
and equivalents. 

1. A stationary mixer apparatus to mix a plurality of 
liquids in fluid streams, said apparatus comprising: 



a casing portion having a plurality of fluid inlets and a 

fluid outlet; and 
aplurality of disc members slacked in said casing portion 
between said fluid inlets and fluid outlet, said disc 
5 members bearing a plurality of different hole arrange- 

ments to induce a rotational angular velocity to the fluid 
streams passing therethrough and further comprising a 
first disc having a plurality of radially converging 
arcuate grooves connected to a central mixing chamber. 
10 2. The mixer apparatus of claim 1 wherein said plurality 
of disc members comprise a second disc having a central 
hole. 

3. lTie mixer apparatus of claim 2 wherein said plurality 
of disc members comprise a third disc having a central 

15 mixing chamber connected to a plurality of radially diverg- 
ing arcuate grooves. 

4. The mixer apparatus of claim 3 wherein said plurality 
of disc members comprise a fourth disc having a plurality of 
holes adjacent the terminus of the radially diverging arcuate 

20 grooves of said third disc. 

5. The mixer apparatus of claim 4 wherein said plurality 
of disc members comprise a fifth disc analogous to said first 
disc. 

6. The mixer apparatus of claim 5 wherein said plurality 
2 ' of disc members comprise a further sequence of discs 

arranged in the sequential order second disc, third disc, 
fourth disc and fifth disc. 



